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SPECIFICATION 

TITLE OF THE INVENTION 

ANTI-SUBMARINE VEHICLE OCCUPANT RESTRAINT SYSTEM 
TECHNICAL FIELD 

5 The present invention relates to a vehicle occupant restraint system that is 

provided in a vehicle seat, and in particular to a vehicle occupant restraint system for 
preventing the submarining or slipping forward of the vehicle occupant under the scat 
belt in an impact situation such as a vehicle crash. 
BACKGROUND OF THE INVENTION 

tO The term "submarining" means the slipping forward of a vehicle occupant 

under the seat belt in an impact situation such as a vehicle crash in case the lap belt fails 
to restrain the pelvis of the vehicle occupant. This occurs most frequently when the 
vehicle occupant is sitting on an edge of the seat and/or the seat back is significantly 
reclined, and could impair the restraining capability of the scat belt because the scat belt 

15 fails to restrain the proper part of the vehicle occupant. 

A copending US patent application No. 09/526,405 filed March 15, 2000 
discloses a vehicle occupant restraint system in which a forward slip preventing 
member is moveably supported by a pair of casings fixedly attached to either side of a 
scat frame at a front part of a seat bottom so as to selectively project upward. The front 

20 end of the seat is raised only in case of an impact situation such a vehicle crash by 

actuating this forward slip preventing member with a power unit. The contents of this 
copending application are hereby incorporated in this application by reference. 

The front end of the seat or the cushion member of the scat cushion which is 
raised by the forward slip preventing member is almost entirely crushed by the load of 



the vehicle occupant in the impact situation, and the forward slip preventing member 
practically directly engages me legs of the vehicle occupam. This could cause some 
discomfort to the vehicle occupant, and a measure to reduce the impact is desired. 

For instance, a part or all of the cushion member may be formed with an 
energy absorbing material made of foamed resin or the like which provides a favorable 
energy absorbing property, but this not only increases the cost but also impairs the ride 
quality for the vehicle occupant as compared to the more conventional scat made solely 
of common cushion material. 
BRIEF SUMMARY OF THE TNVF.NTTON 

In view of such problems of the prior art, a primary object of the present 
invention is to provide an anti-submarine vehicle occupant restraint system which can 
reliably prevent the submarining in case of a vehicle crash. 

A second object of the present invention is to provide an anti-submarine 
vehicle occupant restraint system which can reduce the impact on the legs of the vehicle 
occupant when the forward slip preventing member is deployed. 

A third object of the present invention is to provide an anti-submarine vehicle 
occupant restraint system which is economical and easy to manufacture. 

According to the present invention, such objects can be accomplished by 
providing a vehicle occupant restraint system provided in association with a vehicle seat 
for preventing a vehicle occupant from slipping forward under a scat belt in an impact 
situation such as a vehicle crash, comprising: a pair of fixed support members attached 
to either side of a seat frame at a front part of a seat bottom; an arm pivotally attached to 
a front end of each of the fixed support members: a cross member extending between 
free ends of the arms; and a power unit provided in association with at least one of the 
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support members foT actuating the arms and cross member upward so as to selectively 
raise a Iront pan of the seal bottom in an impact situation such as a vehicle crash; the 
cross member comprising an energy absorbing structure adapted to undergo a controlled 
deformation under a load occurring as the from pan of the scat bottom is raisscd. 
5 The energy absorbing structure allows the maximum load that is applied to the 

legs of the vehicle occupant to be controlled while restraining the vehicle occupant in an 
effective manner in case of a vehicle crash. By controlling the maximum load that is 
applied to the legs of the vehicle occupant, the injury to the vehicle occupant can be 
minimized. 

10 energy absorbing structure may comprise a relatively deformable member 

placed over the cross member. For instance, a urethane foam sleeve having a controlled 
deformation property may be wrapped around the cross member. 

The cross member typically consists of a pipe member. In this case, the energy 
absorbing structure may comprise perforations formed in the pipe member or a 

15 relatively deformable member filled inside the pipe member. The pipe member may 
consist of a normal pipe having a circular cross section, or may be flattened in the part 
intended to engage the legs of the vehicle occupant. The pipe member may also be 
formed by stamp forming a single piece plate member or two piece plate members. 

The maximum load that is applied to the legs of the vehicle occupant can be 

20 controlled by adapting the cross member to undergo a deformation in a predictable 

manner. This can be achieved, for instance, by providing locally deformable parts such 
as slits, notches, holes, recesses and thin-walled parts in appropriate parts of the cross 
member or locally reinforced parts such as ribs and thick-wallcd parts. 
BRIEF DESCRIPTION OF THE DRAWINGS 



Now the present invention is described in the following with reference to the 
appended drawings, in wnich: 

Figure 1 is a transparent perspective view of a vehicle seat embodying the 
present invention ; 

Figure 2 is an exploded perspective view of the subassembly provided on the 
right had side of the seat frame; 

Figure 3 is a side view of the subassembly on the right as scon from the right 

side; 

Figure 4 is a cross sectional view taken along line IV-IV of Figure 3; 
Figure 5 is a perspective view of the subassembly provided on the left had side 
of the seat frame; 

Figure 6 is a side view of the subassembly on the left as seen from the left side; 
Figure 7 is a fragmentary bottom view of the cross member and one of the 

arms; 

Figure 8 is a cross sectional view of the cross member or the slip preventing 

member; 

Figure 9 is a sectional view of the power unit including a cylinder unit and a 
piston rod; 

Figure 10 to IS are perspective views showing different embodiments of the 
slip preventing member; 

Figure 16 is a cross sectional view of the slip preventing member illustrated in 
Figure IS; 

Figure 17 is a cross sectional view showing yet another embodiment of the slip 
preventing member; and 



Figure 18 and 19 are perspective views showing different embodiments of the 
slip preventing member. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Figure 1 is a perspective view of a vehicle seal 1 embodying the present 
5 invention. The vehicle scat 1 comprises a seat bottom la and a seat back lb which is 
typically adapted to be reclined to a desired angle by an adjustable pivot mechanism not 
shown in the drawing. The scat bottom la comprises a scat frame 4 which in this case 
consists of a rectangular frame having a pair of longitudinal side members and a pair of 
cross members joining the front and rear ends of the side members with each other, and 

10 a cushion member 5 which covers the seat frame 4. The cushion member 5 may be 

simply made of foamed plastic material or consist of any known composite structure. A 
pair of subassemblies 2 and 3 forming a vehicle occupant restraint system according to 
the present invention are attached to the inner sides of the side members of the seat 
frame 4. The seat frame 4 may be supported by a scat rail assembly fixedly attached to 

15 the vehicle body via sliders in a slidable manner, and adapted to be fixed at a desired 
position with a scat adjust mechanism not shown in the drawing. 

Figures 2 to 4 show the structure of the subassembly 2 on the right hand side of 
the vehicle occupant restraint system. The subassembly 2 comprises a tubular casing 6 
having a rectangular cross section and elongated in the fore-and-aft direction of the 

20 vehicle body. The casing 6 is comprised of a main member 7 and a lid member 8 both 
of which are formed by stamp fonning sheet metal. The main member 7 comprises a 
vertically extending section 7a and a pair or flanges 7b extending from upper and lower 
ends of the vertically extending section 7a toward the lid member 8. In this embodiment, 
the upper and lower flanges 7a are smoothly connected to each other at the front end of 



the casing 6. Free ends of the upper and lower flanges 7b are provided with projecting 
tabs 9 which are fitted into corresponding openings 10 provided in the lid member 8, 
and crimped on the lid member 8. 

An arm n is pivotally attached to the from end of the casing 6. The arm 11 
comprises a laterally extending web 1 la and a pair of arm flanges lib depending from 
either side of the web 11a. The upper front parts of the main member 7 and lid member 
8 are provided with mutually aligned openings 12 and 13, and a corresponding opening 
19 is passed through the arm flanges lib. A collar 25 is passed through these openings 
12, 13 and 19 to pivotally support the arm 11 with respect to the casing 6. 

A power unit comprising a cylinder unit 22 extending in a fore-and-aft 
direction and a piston rod 23 extending from a front end of the cylinder unit 22 is 
received in the casing 6. The front end of the piston rod 23 is provided with a ring 23a. 
The outer circumferential surface of the piston rod 23 is provided with annular or spiral 
grooves. The lower front parts of the main member 7 and lid member 8 are provided 
with slots 14 and 15 elongated in the fore-and-aft direction, and a corresponding oblique 
slot 18 which is only slightly elongated and offset from the opening 19 is passed 
through the arm flanges lib. A pin 30 is passed through these slots 14, 18 and 15 and 
the ring 23a, and is retained therein by a retaining ring 31. 

As best shown in Figure 4, the vertically extending section 7a of the main 
member 7 and ltd member 8 are profiled so as to conform to or wrap around the 
cylindrical contour of the cylinder unit 22. Rectangular openings 16 and 17 are formed 
in intermediate parts of the main member 7 and lid member 8, and jointly retain therein 
a radial flange 22a formed in the front end of the cylinder unit 22 as well as a lock 
mechanism 24 provided on the front end of the radial flange 22a. Thus, the front facing 



edges of the rectangular openings 16 and 17 are adapted to support the reaction of the 
cylinder unit 22 at the time of its activation via the back surface of the radial flange 22a. 
These edges are also contoured around the cylinder unit 22 as a result of the fact that the 
vertically extending section 7a of the main member 7 and lid member 8 arc contoured 
around the cylinder unit 22, and are therefore allowed to abut the back surface of the 
radial flange 22a over a relatively large support surface. These rectangular openings 16 
and 17 arc each closed on all sides so that a high mechanical strength can be achieved 
with respect to the impact which is generated at the time of the activation of the vehicle 
occupant restraint system. 

This subassembly 2 is attached to the side member of the seat frame 4 by 
passing a pair of threaded bolts 26 and 29 through the collar 25 pivotally supporting the 
arm 11 and a hole 28 formed in a tab-like extension of the lid member 8 at an upper rear 
end thereof from inside the seat frame 4 and fastening nuts from the outside of the scat 
frame 4. The collar 25 is provided with an adequate length to support the axial force of 
the threaded bolt 26 without preventing the pivoting movement of the arm 11. Therefore, 
there is a play that permits a slight lateral movement of the arm 11 along the collar 25, 
and a rubber ring 27 interposed between a head of the collar 25 and a side of the ami 11 
prevents any rattling of the arm 11 during use. 

Figures 5 and 6 show the structure of the subassembly 3 on the left hand side of 
the vehicle occupant restraint system. The subassembly 3 comprises a tubular casing 36 
having a rectangular cross section and elongated in the fore-and-aft direction of the 
vehicle body. The casing 36 is comprised of a main member 37 and a lid member 38 
both of which arc formed by stamp forming sheet metal. The main member 37 
comprises a vertically extending section 37a and a pair of flanges 37b extending from 



-8- 

upper and lower ends of the vertically extending section 37a toward the lid member 38- 

Frcc ends of the upper and lower flanges 37b are provided with projecting tabs 39 
which are fitted into corresponding openings 40 provided in the Hd member 38, and 
crimped on the lid member 38. 
5 An arm 41 is pivotally attached to the front end of the casing 36. The arm 41 

comprises a laterally extending web 41a and a pair of arm flanges 41b depending from 
cither side of the web 41a. The upper front parts of the main member 37 and lid member 
38 are provided with mutually aligned openings 42 and 43, and a corresponding 
opening 49 is passed through the arm flanges 41b. A collar 55 is passed through these 

10 openings 42, 43 and 49 to pivotally support the arm 41 with respect to the casing 36. 

A rod 53 extending in a fore-and-aft direction is received in the casing 36. The 
front end of the rod 53 is provided with a ring 53a. The outer circumferential surface of 
the rod 53 is provided with annular or spiral grooves. The lower front parts of the main 
member 37 and lid member 38 are provided with slots 44 and 45 elongated in the 

15 fore-and-aft direction, and a corresponding oblique slot 48 which is only slightly 

elongated and offset from the opening 49 is passed through the arm flanges 41b. A pin 
GO is passed through these slots 44, 48 and 45 and the ring 53a, and is retained therein 
by a retaining ring 61. 

Rectangular openings 46 and 47 are formed in intermediate parts of the main 

20 member 37 and lid member 38, and jointly retain therein a lock mechanism 54 and the 
rod 53 is passed through this lock mechanism 54. 

This subassembly 3 is attached to the side member of the seat frame 4 by 
passing a pair of threaded bolts 56 and 59 through the collar 55 pivotally supporting the 
arm 41 and a hole 58 formed in a tab-like extension of the lid member 38 at an upper 



rear end thereof from inside the seat frame 4 and fastening nuts from the outside of the 
scat frame 4. The collar 55 is provided with an adequate length to support the axial 
force of the threaded bolt 56 without preventing the pivoting movement of the arm 41. 
Therefore, there is a play that permits a slight lateral movement of the arm along the 
5 collar, and a rubber ring 57 interposed between a head of the collar 55 and a side of the 
arm 41 prevents any rattling of the arm 41 during use. 

A cross member consisting of a pipe member 32 and serving as a forward slip 
preventing member extends across the free end 20 of the arm 11 of the subassembly 2 
and the free end 50 of the arm 41 of the subassembly 3, and is welded to them. When 

10 welding each end of the pipe member 32 to the corresponding arm 11 or 41, it is 

necessary to take a measure to ensure an adequate welding area. It is also necessary to 
minimize the weight and size of the related parts. As opposed to fitting each end of the 
pipe member 32 into a hole provided in the corresponding arm 11 or 41, the free ends 
20 and 50 of the arms 11 and 41 support only the lower side of the pipe member 32. 

15 This provides an adequate welding area while minimizing the weight and size of the 
related parts. 

Because the pipe member 32 must not extend beyond the side profile of the 
subassembly 2 or 3, the free end 20 or 50 of each arm 11 or 41 consisting of the arm 
flanges are made narrower in width by bending the flanges lib and 41b inwardly about 
20 vertical folding lines as indicated by numeral 21 and 51. This allows the pipe member 
32 to extend outwardly beyond the outer profile of the free end 20 or 50 of the arm 11 
or 41 without interfering with the seat frame 4 as shown in Figure 7. Because the pipe 
member 32 extends slightly beyond the outer profile of the free end of the arm, the 
welding work can be performed without the fear of melting away the terminal end of the 
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pipe member 32. Also, as shown in Figure 7, each end part 32a of the pipe member 32 
is swaged or crimped radially inward. This allows an adequate amount of material to be 
provided for welding, and contributes to the prevention of the pipe member 32 from 
melting away at the time of welding. 
5 As shown in Figures 2, 5, 7 and 8, an energy absorbing member 70 is wrapped 

around the pipe member 32. This energy absorbing member 70 may be made of any 
material that can reduce the impact that is transmitted from the pipe member 32 to the 
vehicle occupant such as a tubular member made of foamed resin such as hard urethane. 
If a plurality of layers of different energy absorbing members 70 having different 

10 energy absorbing properties are used, a desired composite energy absorbing property 
may be achieved. The energy absorbing member 70 may be insert molded around the 
pipe member 32 or attached to the pipe member 32 afterwards. 

Referring to Figure 9, the cylinder unit 22 comprises a cylindrical cylinder 
member 72, a piston member 71 slidably received in the cylinder member 72 and a 

15 propellant module 73 received in an end of the cylinder member 72 remote from the 
flange 22a. The propellant module 73 is provided with a small diameter portion facing 
the piston member 71, and an annular seal member 74 is fitted on the small diameter 
portion so as to abut an annular shoulder defined at the base of the small diameter 
portion and the inner circumferential surface of the cylinder member 72 to seal off the 

20 gas that is produced from the small diameter portion when the propellant module 73 is 
activated. The end of the cylinder member 72 adjacent to the rear end of the propellant 
module 73 is crimped on the propellant module 73, and the annular seal 74 resiliently 
supports the propellant module 73 against the force of crimping. A compression coil 
spring 75 is interposed between the piston member 71 and the annular seal 74. The 
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inner end of the piston rod 23 is provided with a spherical shape, and is received in a 
complementary spherical recess formed in the piston member 71. 

The lock mechanism 24 is provided with a casing 76 which internally defines a 
sloping surface 77. An engagement piece 78 is rcsilicntly urged against this sloping 
5 surface 77 by a compression coil spring 79, and the slopping surface 77 is oriented in 
such a manner that the engagement piece 78 is resiliency urged also against the outer 
surface of the piston rod 23 under the spring force of the compression coil spring 79. 
The engagement piece 78 is provided with teeth 80 which mesh with the grooved 
surface of the piston rod 23. Because of the orientation of the sloping surface 77, the 
10 engagement piece 78 would not prevent the outward movement of the piston rod 23 by 
being pushed away from the sloping surface 77 against the spring force of the 
compression coil spring 79, but prevents the inward movement of the piston rod 23 by 
wedging in between the sloping surface 77 and the outer circumferential surface of the 
piston rod 23. 

15 Only one engagement piece 78 was used in the above described embodiment to 

engage a part of the outer circumferential surface of the piston rod 23, but a plurality of 
engagement pieces may be used for engaging the outer circumferential surface of Lhc 
piston rod 23 from a plurality of directions. The other lock mechanism 54 may be 
similar to the lock mechanism 24. 

20 The vehicle occupant restraint system is thus formed by the right and left 

subassemblies 2 and 3, and the pipe member 32. An impact detecting sensor consisting 
of an acceleration sensor or the like not shown in the drawing, and a control unit may be 
provided For activating the restraint system when appropriate. 

The mode of operation of this embodiment is described in the following. When 
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an impact of a vehicle crash is detected, gas is produced in the cylinder unit 22, and the 
resulting rapid rise in Uic internal pressure inside the cylinder member 72 produces a 
thrust, which pushes the piston member 7 J out of the cylinder member 72 causing the 
free end of the piston rod 23 to project rapidly. As a result, the arm 11 connected to the 
5 free end of the piston rod 23 rotates in counterclockwise direction as indicated by the 
imaginary lines in Figure 3, and the pipe member 32 moves upward causing the scat 
cushion member 5 to bulge out and prevent the submarining of the vehicle occupant. 
The annular shoulder formed in the inner circumferential surface of the cylinder 
member 72 at the flanged end of the cylinder unit 22 prevents the piston member 71 

10 from being thrown forward out of the cylinder unit 22. When the gas has ceased to be 
produced from the propcllant module 73, and the drive force of the cylinder unit 22 has 
been lost, the one-way lock mechanisms 24 and 54 prevent the pipe member 32 from 
coming down, and continues to prevent the submarining. The energy absorbing member 
70 provides a required cushioning action. 

IS The cylinder unit 22 was provided only on the right hand side of the seat, but 

may also be provided on each side of the seat. If two cylinder units are used, each of 
them can be made smaller. Although not shown in the drawings, the one-way lock 
mechanism may also consist of a ball type one-way lock mechanism which can prevent 
the reverse rotation in a continuous manner, a ratchet mechanism or the like. 

20 The energy absorbing member 70 was wrapped around the pipe member 32 

serving as the forward slip preventing member as the energy absorbing structure in the 
illustrated embodiment, but the same goal can be achieved by giving a desired energy 
absorbing property to the pipe member by changing the material, wall thickness, 
diameter and cross sectional shape of the pipe member. 
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Figures 10 and 11 show embodiments in which the forward slip preventing 
member comprises a pipe member 82 having a part thereof opposing the legs of the 
vehicle occupant flattened so as to define an engagement surface consisting of a 
flattened portion 82a for making a surface contact with the legs of the vehicle occupant 
and thereby reducing the surface pressure, as opposed to the normal pipe member 32, 
and an energy absorbing member 70 wrapped around the member 32. The embodiment 
illustrated in Figure 10 uses a pipe member 82 having the flattened portion 82a only in 
the central part thereof, and the embodiment illustrated in Figure 11 uses a pipe member 
32 having the flattened portion 32a extending over the entire length thereof. 

Figures 12 to 14 show embodiment using a pipe member 83 serving as the 
forward slip preventing member formed with a plurality of holes 83a to control the 
deformation property thereof, instead of the normal pipe member 32. These holes 83a 
may be punched in a plate member which is then formed into a pipe. Figure 12 shows 
an embodiment in which the holes 83a consist of slots elongated in the axial direction, 
Figure 13 shows an embodiment in which the holes 83a consist of circumferentially 
elongated slots, and Figure 14 shows an embodiment in which the holes 83a consist of a 
combination of axially elongated slots and circumferentially elongated slots. A desired 
deformation property can be achieved by suitably changing the size, number, shape and 
pitch of these holes 83a. 

Figures 15 and 16 show an embodiment in which a plate member is stamp 
formed into a pipe member 84 having a rectangular or elliptic cross section so as to 
present a flattened engagement surface 85 opposing the legs of the vehicle occupant and 
reduce the surface pressure by achieving a surface contact with the legs of the vehicle 
occupant, The two edges of the plate member may extend one next to the other in the 
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manner of a depending flange 84b, and spot welded together to retain the tubular shape 

of the pipe member 84. This pip© member 84 is provided with a pair of ribs 84a 

extending in the axial direction on either side of the center of the pipe member 84, and a 
pair of notches 84c arc provided in the depending flange 84b adjacent to the terminal 
5 ends thereof. The ribs 84a locally increase the resistance to the bending deformation of 
the pipe member 84 while the notches 84c locally decrease the resistance to the bending 
deformation. Therefore, this pipe member 84 is adapted to undergo a controlled and 
predicable bending deformation when subjected to a loading at the time of its 
deployment. 

10 Figure 17 is a modified embodiment of the pipe member 86 which is made of a 

pair of plate members 86a and 86b which are joined at a pair of depending flanges 86c. 
The pipe member 86 is provided with an elliptic cross section and the two plate 
members 86a and 86b ore joined along the flanges 86c by spot welding. 

Figure 18 shows an embodiment of the forward slip preventing member made 

15 of a pipe member 87 having a relatively thin wall, as opposed to the normal pipe 

member 32, which is filled with an energy absorbing material 88. The energy absorbing 
member 88 may be inserted in the pipe member 87 or foamed inside the pipe member 
87. A structural member made of a thin plate member and having a closed cross section 
typically collapses locally, and is therefore unable to provide a desired load properly. 

20 However, when it is filled with an energy absorbing member 88, it can be avoided, and 
a desired energy absorbing property as well as a desired deformation property can be 
achieved. 

In the embodiment illustrated in Figures 19, the deformation property is 
controlled by forming a plurality of circumferential slits 89a in the pipe member 89 on 
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the side facing the legs of the vehicle occupant, instead of a normal pipe member 32- A 
pair of recesses 89b are formed on the underside of the pipe member 89 adjacent to 
either terminal end thereof. According to this structure, when a load is applied from the 
side of the vehicle occupant, the pipe member 89 slightly deforms under a relatively 
5 small load until the slits 89a are closed, but once the slits 89a are closed (Figure 20), the 
pipe member 89 becomes more resistant to deformation and is enabled to withstand a 
higher load. The recesses 89b on the underside of the pipe member 89 helps the pipe 
member 89 to bend in a highly controlled and predicable manner. 

In the foregoing embodiments, the energy absorbing structure was used cither 

10 by itself or in combination with the engagement surface arrangement adapted to make a 
surface contact with the legs of the vehicle occupant, but it is also possible to use the 
engagement surface arrangement adapted to make a surface contact with the legs of the 
vehicle occupant by itself, or in combination with any other arrangements. 

Although the present invention has been described in terms of preferred 

15 embodiments thereof, it is obvious to a person skilled in the art that various alterations 
and modifications are possible without departing from the scope of the present 
invention which is set forth in the appended claims. 



